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(54) Customizing printmasks for printhead nozzle aberrations 

(57) An inkjet printer (10) and printing method for 
Improving print quality. The printer (10) minimizes the 
visually perceptible effect of dot placement errors (4,8), 
dot size errors (44) P and dot shape errors on a printed 
medium (18) due to d epositing drops of ink from lower 
print quality prin thead nozzles (24). The printer (1 0) pro- 
vSSes a sensor (30.i41) which can test the ink drop out- 
put of the printhead nozzles (24) to determine, for each 
particular printhead (21) installed In the printer (10), 
which nozzles (24) are of higher print quality and which 
are of lower print quality. A printmask (62) 2s then 
defined based on the results of the testing for use In 
printing from that printhead (21). The printmask (62) 
ha s e mask pattern which enables the deposition o f 
more ink from higher quality nozzles (24) and less in k 
f rom lower quality nozzles (24). such a printer no ) 
Improves print quality without reducing throughput. 
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Description 

Cross-Reference to Related Applications 

[0001] This application relates to the subject matter s 
disclosed in the co-pending U.S. application Ser. No. 
08/810,467, by Kumar et ai., filed March d, 1997, titled 
"Dynamic Multl-Pass Print Mode Corrections to Com- 
pensate for Malfunctioning Inkjet Nozzles" (EP-A- 
0853004); the co-pending U.S. application Ser. No. to 
08/811,412, by Arniijo et a)., filed March 4, 1997, titled 
"Detection of Printhead Nozzle .Functionality, by Optical 
Scanning of a Test Pattern" (EP-A-OB63012); the co- 
pending U.S. application Ser. 

No by Askeland, filed concur- is 

rently herewith, titled "Banding Reduction in Multipass 
Printing" (Attorney Docket No, 1 0980872-1 ): and the co- 
pending U.S. application Ser. 
No. » by Bland et aK, filed concur- 
rently herewith, titled "Hybrid Printmask for Multidrop 20 
Inkjet Printer" (Attorney Docket No. i09fi0871-1); all of 
which are assigned to the assignee of the present 
invention and hereby incorporated by reference in their 
entirety. 

ss 

Field of the Invention 

[0002] The present invention relates generally to 
modes of printing with swath-type printing systems. It 
relates more particularly to printmodes for improving the 30 
print quality of output produced by individual printheads 
used In an Inkjet printer. 



Background of the Invention 



35 



[0003] Inkjet printers, and thermal Inkjet printers In 
particular, have come into widespread use in busi- 
nesses and homes because of their low cost, high print 
quality, and color printing capability. The operation of 
such printers is relatively straightforward. In this regard, *Q 
drops of a colored Ink are emitted onto the print media 
such as paper or transparency film during a printing 
operation, in response to commands electronically 
transmitted to the printhead. These drops of ink com- 
bine on the print media to form the text and Images per- «s 
celved by the human eye. Inkjet printers may use a 
number of different Ink colon*. One or more printheads 
may be contained In a print cartridge, which may either 
contain the supply of ink for each printhead or be con- 
nected to an ink supply located off-cartridge. An inkjet so 
printer frequently can accommodate two to four print 
cartridges. The cartridges typically are mounted side- 
by-side in a carriage which scans the cartridges back 
and forth within the printer in a forward and a rearward 
direction above the media during printing such that the ss 
cartridges move sequentially over given locations, 
called pixels, arranged In a row and column format on 
the media which is to be printed. Each print cartridge 



typically has an arrangement of printhead nozzles 
through which the ink is controllably ejected onto the 
print media, and thus a certain width of the media corre- 
sponding to the layout of the nozzles on the print car- 
tridge, can be printed during each scan, forming a 
printed swath. The printer also has a print medium 
advance mechanism which moves the media relative to 
the printheads in a direction generally perpendicular to 
the movement of the carriage so that, by combining 
scans of the print cartridges back and forth across the 
media with the advance of the media relative to the 
. printheads, ink can be deposited on the entire printable 
area of the media. 

[0004] The quality of the printed output is a very 
important feature to purchasers of inkjet printers, and 
therefore manufacturers of inkjet printers pay a great 
deal of attention to providing a high level of print quality 
in their printers. Aberrations in the printhead nozzles 
can undesirably reduce print quality; such aberrations 
include, for example, not ejecting ink at all, ejecting an 
incorrect volume Df ink in a drop, producing irregularly 
shaped drops with artifacts such as tails, or producing a 
spray of extraneous droplets in addition to the desired 
drop. Another common type of nozzle aberration is 
directionality error, also known as dot placement error, 
in which the drops of ink are not precisely printed in the 
intended locations on the print media. While sometimes 
printhead aberrations are due to the design of the print- 
head and thus are similar for all printheads of that par- 
ticular type, other times the nozzle aberrations for a 
particular type of printhead differ from printhead to print- 
head. In addition, printhead aberrations can develop 
overtime and with usage of the printhead; for instance, 
nozzles can become clogged or wear. 
[0005] Noz2le aberrations frequently result in band- 
ing, or streaks of unprinted areas, on the printed output. 
To minimize banding due to nozzle aberrations (and 
coincidental to also reduce the effect of printing 
defects resulting from having too much ink on the print 
medium at one time, such as bleeding of one color area 
into another and warping or wrinkling of the print 
media), most printers do not print all the required drops 
of ell ink colors in all pixel locations in the swath in one 
single scan, or 'pass", of the printheads across the 
media. Rather, multiple scans are "used to deposit the 
full amount of ink on the media, with the media being 
advanced after each pass by only a portion of the height 
of the printed swath. In this way, areas of the media can 
be printed \n on more than one pass. In a printer which 
uses such a •multipass" printing mode, onry a fraction of 
the total drops of Ink needed to completely print each 
section of the image is laid down in each row of the 
printed medium by any single pass: areas left unprinted 
are filled in by one or more later passes. When printing 
of a page is complete, every area of the print medium 
has typically been printed on by the same multiple 
number of passes. Because each pass uses a different 
nozzle to print a particular row of the image, multipass 
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printing can compensate tor nozzle defects. However, 
the typical multipass printmode in which all nozzles are 
enabled to deposit substantially the same amount of ink 
on each row of pixels is often insufficient to improve 
print quality to an acceptable level, particularly when 
some nozzles have worse errors than others, as In the 
case of nozzle aberrations as described above. 
[0006] One approach to overcoming the shortcom- 
ings of multipass printing for compensating for nozzle 
aberrations Is disclosed In commonly-assigned U.S. 
Patent 5.124.720 filed Aug. 1, 1990 and issued to 
Schsntz on Jun. 23„ 1992 and titled ."FaulL-Tolerant^otr 
Matrix Printing*, which is hereby Incorporated by refer- 
ence in its entirety. This approach improves print quality 
by compensating for malfunctioning nozzles on a print- 
head-by-printhead basis. This method tests the print- 
head to identify inoperative printing elements, and then 
alters the scan path of the printhead so that properly 
functioning printing elements print where the inopera- 
tive printing elements normally would have. However, 
this method reduces the throughput (the number of 
pages that can be printed In a given unit of time, such as 
pages per minute) because it decreases the distance 
the paper is advanced after each pass of the printhead 
and thus increases the number of passes required to 
fully print a page. 

[0007] Throughput is often just as important or 
more important to an inkjet printer purchaser as is print 
quality. Accordingly, there is still a need for an Inkjet 
printer that minimizes print quality defects due to nozzle 
aberrations but without significantly reducing the 
throughput of the printer- 
Summary of the Invention 

[0008] In a preferred embodiment, the present 
Invention provides a multipass inkjet printer that 
improves the quality of the printed output by compen- 
sating for dot placement error, dot shape error, and dot 
size error without compromising printing throughput. An 
embodiment of the printing system according to the 
present invention includes a printhead mounted in a 
carriage which is attached to a* frame forrelative motion 
with respect to a print medium. The printhead has an 
arrangement of nozzles, each having a print quality, 
through which ink is ejected onto a pixel grid of multiple 
rows on the print medium, each nozzle capable of 
depositing the drops of the ink onto a corresponding 
one of the rows during individual ones of the multiple 
printing passes. The printer also contains a print con- 
troller which activates the nozzles to deposit the ink 
onto the medium during each printing pass, as gov- 
erned by a printmask. The printer further has the capa- 
bility to test the nozzle print quality of individual 
printheads installed in the printer, and the capability to 
define the printmask such that it enables more printing 
from higher quality nozzles and less printing from lower 
quality nozzles in at least some of the rows. In some 



embodiments, the capability to test the printhead nozzle 
print quality may be implemented by a test pattern 
printed on the medium which is optically scanned by a 
sensor to detect nozzle quality. In aiternate embodi- 
s ments, the printhead is tested using eitner a pass- 
through detector inserted into the path through which 
ink drops are deposited onto the media, or an impact 
detector on which deposited ink drops impinge during a 
test operation. These detectors can be optical, piezoe- 
to tectric, electrostatic, or other technology detector. In 
some embodiments, the capability to define the print- 
mask may be implemented by a noz2le quality memory 
preferentially mounted on the printhead which stores 
indicia of nozzle quality, a processor which defines a 
1S printmask which allocates the ink deposition between 
higher and lower quality nozzles so as to improve the 
print output quality, and a printmask memory which 
stores the defined printmask. In some embodiments, 
the printmask has a hybrid mask pattern which uses a 
so Til-fipe' mode for lower quality nozzles and a "multid- 
rop* mode for higher quality nozzles, while in other 
embodiments the printmask has a mask pattern which 
allows higher quality nozzles to print more possible 
times on a row than lower quality nozzles. 
25 [0009] The present invention may also be imple- 
mented as a method of multipass printing. The method 
preferably includes providing a printhead for depositing 
ink onto a print meolum, testing the printhead to identify 
lower print quality nozzles and higher print quality no2- 
30 zles and allocating depositing of the ink between the 
lower quality nozzles and the higher quality nozzles 
based on the test results such that less than a given 
standard amount of ink from the lower print quality noz- 
zles and more than a given standard amount of ink from 
35 the higher print quality nozzles is deposited in some 
rows. The testing can be performed during the print- 
head manufacturing process, during the printhead refill- 
ing process, after Installation of the printhead In the 
inkjet printing system, and periodically during operation 
40 of the inkjet printing system. In some embodiments, the 
method also includes moving the printhead and the 
print medium relative to each other in a scan direction 
during each" of the multiple passes; depositing the ink 
from certain nozzles onto pixel locations in certain rows 
45 as governed by the printmask while moving along the 
scan axis during each of the multiple passes, and mov- 
ing the printhead and the print medium relative to each 
other in a medjum advance direction in-between the 
multiple passes in order to position different nozzles 
so over the certain rows. In some embodiments, allocating 
deposition of the Ink includes defining a printmask 
which enables certain of the lower print quality nozzles 
identified by the testing to deposit the Ink a relatively- 
fewer total number of possible times during the multiple 
55 passes, and enables certain of the higher print quality 
nozzles to deposit the ink a relatively greater total 
number of possible times during the multiple passes. In 
other embodiments, allocating deposition of the ink 
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includes defining a printmask which enables certain of 
the lower print quality nozzles identified by the testing to 
each deposit a small number of drops of the ink into 
specified pixel locations on at least two different rows 
during at least two corresponding passes, and enabling 
certain of the higher prim quality nozzles to each 
deposit many drops of the ink rapidly into specified pixel 
locations on a given row during at least one of the mul- 
tiple passes. 

[0010] Other aspects and advantages of the 
present invention will become apparent from the follow- 
ing detailed description, taken in conjunction with the 
accompanying drawings, illustrating by way of example 
the principles of the invention. 

Brief Description of the Drawings 

[0011] 

FIG. 1 is a perspective view of an Inkjet printer 
embodying the present invention. 

FIG. 2 Is a schematic diagram of the major writing 
system sections of the inkjet printer of FIG. 1. 

FIG. 3 Is a schematic diagram of the nozzle 
arrangement of a printhead usable with the printer 
of FIG. 1. 

FIGS. 4A-4C are schematic diagrams illustrating 
the types of nozzle aberration errors (directionality 
error, dot volume error, and dot shape error respec- 
tively) that affect the print quality achievable with 
the printer of FIG. 1. 

FIG. 5 is a flowchart of a method of printing with trie 
multipass InkJet printer of FIG. i so as to compen- 
sate lor specific nozzte aberrations of an individual 
printhead without reducing throughput 

FIG. 6 is a flowchart of a method for testing a print- 
head to determine nozzle quality as performed in 
the method of FIG. S. 

FIG. 7 re a flowchart of a method for defining the 
printmask pattern of FIG. 2 as performed in the 
method of FIG. S. 

Description of the Preferred Embodiment 

[0012] Referring now to the drawings, and more 
particularly to FIGS. 1. 2, and 3, there is illustrated a 
printer 10 constructed in accordance with the present 
invention which reduces visually objectionable print 
quality defects that occurs due to nozzle aberrations* 
and does so without reducing printer throughput. A pre- 
ferred embodiment of the printer 10 includes a frame 
indicated generally at 11 on which a carriage 20 is 



moveably mounted. The carriage 20 has stalls for hold- 
ing at least one printhead 21 (FIG. 1 illustrates by way of 
example four printheads 21) and transporting them in a 
printing orientation adjacent the surface of a print 

5 medium 18 having a plurality of pixel locations, such as 
pixel location id, organized in a rectangular array of 
rows and column. The carriage 20 is mounted in the 
frame 11 for relative motion with respect to the print 
medium 18 during a printing pass. Each printhead 21 

TP has a plurality of nozzles 24 through which drops of ink 
are ejected onto the print medium 18 to form printed 
output, which may contain any combination of text, 
graphics, or photographs. As will be discussed hereinaf- 
ter in further detail, the plurality of nozzles 24 is logically 

is arranged as a linear array of nozzles substantially 
orthogonal to a scan axis 4. such that each nozzle Is 
capable of depositing the drops of the ink onto a corre- 
sponding one of the rows of pixel locations during indi- 
vidual ones of the printing passes. The term "printing 

20 pass", as used herein, refers to those passes in which 
the printhead is enabled for printing as the nozzle 
arrangement 24 moves relative to the medium 18 in the 
scan axis direction 4; in a bidirectional printer 10, each 
forward and rearward pass along the scan axis 4 can be 

25 a printing pass, while in a unidirectional printer printing 
passes can occur in only one of the directions of move- 
ment, during each printing pass. Each printhead 21 
contains a different color ink, typically the subtractive 
primary colors magenta, cyan, and yellow; other color 

30 shades are formed by depositing drops of these differ- 
ent colors in the same or nearby pixels (there is also 
usually a separate black ink printhead for producing a 
richer color black than is achieved by mixing the sub- 
tractive primary colors, and for producing some of the 

3S darker shades of other colors). The carriage 20 is move- 
able along the scan axis 4 by a carriage advance mech- 
anism, indicated generally at 12, mounted within the 
frame 11. The printer 10 also has a print medium 
advance mechanism, indicated generally at 17, 

40 mounted within the frame 1 1 which advances the print 
medium 1B along a medium advance axis 8 so as to 
change the row of pixel locations on which an Individual 
nozzles prints. (The carriage advance mechanism 12 
and the print medium advance mechanism 17 are well 

4S known to those skilled in the art. and will not be dis- 
cussed further hereinafter.) A print controller 58 controls 
the carriage 20 and media 18 movements and is electri- 
cally connected to the printhead so as to activate the 
nozzles 24 for ink drop deposition. By combining the rel- 

50 ative movement of the carriage 20 along the scan axis 4 
with the relative movement of the print medium 1 8 along 
the medium advance axis 8. each printhead 21 can 
deposit one or more drops of ink at each individual one 
of the pixel locations 19 in the rows on the print medium 

s$ 18. A printmask 62 is used by the print controller 58 to 
govern the deposition of ink drops from each printhead 
21 during each of the multiple passes. Typically a sepa- 
rate printmask 62 exists for each discrete intensity level 



Received hrom_< 8S8655 5859 > at 11/3/03 6:14:03 PM [Eastern Standard Time] 



NOU-03-2003 16:16 



HP SAN DIEGO LEGRL 



858 655 5859 P. 071/180 



7 EP 1 084 847 A2 8 



(eg. light to dark) of each different color printhead. For 
each pixel position 1 9 in a row during an individual print- 
jng pass, the printmask 62 has a mask pattern which 
both (a) acts like a "gate" to enable the nozzle posi- 
tioned adjacent the row to print, or disable that nozzle 5 
from printing, on that pixel location 1 9, and (b) defines 
the number of ink drops to be deposited from enabled 
nozzles. Whether or not the pixel location will actually 
be printed on by the corresponding enabled nozzle as it 
passes over depends on whether the image data 54 to jo 
be printed requires ink of that color in that pixel location. 
[00131, As wj!L be .discussed in greater detail subse- 
quently, a printer 10 according to the present invention 
also has the capability to test each of the nozzles 24 of 
each printhead 21 to determine whether or not they are 15 
functioning properly, and consequently to assign indicia 
of print quality for each nozzle. Such a printer 10 also 
has the capability to construct for each individual print- 
head 21 a printmask 62 based on knowledge of the print 
quality of each nozzle which will improve the quality of so 
the printed output without reducing throughput; this will 
also be subsequently discussed in further detail. The 
printmask 62 is constructed to have a printmask pattern 
such that less ink from lower print quality nozzles and 
more ink from higher print quality nozzles is enabled to 25 
be deposited In at least some rows of the pixel locations 
19 on the print medium 18. The less ink and the more 
ink are relative to a given standard amount of ink. Typi- 
cally this standard amount is a substantially equal 
amount of ink from each nozzle. 30 
[0014] Before discussing the nozzle testing and 
printmask construction In further detail, however, it is 
beneficial to consider with reference to FIGS. 4A 
through 4C several types of nozzle aberrations known 
to those skilled in the art and for which the present as 
invention can compensate. FIG. 4A illustrates by way of 
example directionality error (also known as dot place- 
ment error). A nozzle 24 exhibiting directionality error 
does not deposit Ink drops precisely in the intended 
location 41 , but rather places them in an actual location 
42 different from the intended location 41 by some 
amount of directionality error. This directionality or dot 
placement error may hefVe a component in the direction 
of the scan axis 4 (known as scan axis directionality, or 
SAD, error), and a component in the direction of the 
media or paper advance axis 3 (known as paper axis 
directionality or PAD, error). Embodiments of the 
present invention can improve the print quality produced 
from printheads which exhibit either SAD, PAD, or both 
SAD and PAD. FIG. 4B illustrates by way of example dot 
size error (dot volume error)- A nozzle 24 exhibiting dot 
size error deposits an actual amount of Ink 44 different 
from the intended amount of Ink 43 (in the Illustration, 
the actual amount of ink 44 is less than the intended 
amount 43. as might occur using a weak or clogged 
nozzle). FIG. 4C illustrates by way ot example dot shape 
error. A nozzle 24 exhibiting dot shape error deposits 
ink in an actual pattern 48 which is not substantially cir- 



cular as intended 45. The actual pattern 46 can include 
non-circular shapes, tails, and spray. 
[0015] As is well known to those skilled in the art, 
printheads are typically formed on silicon substrates. 
One or more printheads, each for a different ink, may be 
formed on a single substrate. Considering now the plu- 
rality of nozzles 24 of a printhead 21 in greater detail 
with reference to FIG. 3, a preferred embodiment of a 
printhead 21 nas two vertical columns 70a-b of nozzles 
24 which, when the printhead 21 Is Installed in the 
printer 10. are perpendicular to the scan axis 4. The 
columnar vertical spacing, 74 between adjacent Jiozzles 
in a column is typically 1 /300th inch in present-day print- 
heads. However, by using two columns instead of one 
and logically treating the nozzles as a single column, 
the effective vertical spacing 72 between logical nozzles 
is reduced to 1 /600th inch, thus achieving improved 
printing resolution in the direction of the media advance 
axis 8. As an illustration, the print controller 58 would 
print a vertical column of 1/600th Inch pixel locations on 
the print medium 18 by depositing ink from the nozzles 
in column 70a. then moving the printhead 21 In the scan 
axis direction 4 an amount equal to the inter-column dis- 
tance 76 before depositing ink from the nozzles in col- 
umn 70b. 

[0016] Returning now to the means for testing the 
printhead nozzles 24 to determine the print quality of 
each, the present invention contemplates the use of a 
wide variety of different detectors, also known as sen- 
sors, for measuring the quality of the Ink drops depos- 
ited from the nozzles. One preferred embodiment 
includes an In-flight pass-through sensor 30 which 
detects and characterizes ink drops in flight as the 
drops pass through the sensor 30. The sensor 30 can 
be mounted in the frame 1 1 such that the carriage 20 
positions the nozzles 24 ot the printhead 21 in a test 
position, or alternatively can be mounted on the car- 
nage 20 between the printhead 21 and the media 1 8 in 
the path of deposited ink drops such that the ink drops 
pass through the sensor 30 during normal printing oper- 
ation (not shown). Nozzle quality is determined based 
on the detection and characterization of ink drops from 
tne selected nozzle: The insight detector 30 may be 
implemented using a number of technologies known to 
thosB skilled in the art, including optical and electro- 
static technologies. Optical in-flight detectors usable 
with the present invention are described in greater detail 
in U.S. Patent 4,922,270, filed Jan. 31 , 19B9 and issued 
May 1 . 1 990 to Cobbs et al.. and U& Patent 5,434,430, 
filed April 30, 1 993 and issued July 1 8, 1 995 to Stewart, 
both ot which are assigned to the assignee of the 
present invention and are hereby Incorporated by refer- 
ence in their entirety. Examples of electrostatic in-flight 
detectors usable with the present invention are 
described in U.S. Patent 3,953,860 issued Apr. 27, 1976 
to Fujimoto etau titled "Charge Amplitude Detection for 
Ink Jet System Printer*'. 

[0O17] Another preferred embodiment includes an 
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impact sensor 31 which detects and characterizes ink 
drops on impact as the drops strike the sensor 31- The 
sensor 31 can be mounted in the frame 1 1 such that the 
carnage 20 positions the nozzles 24 of the print head 21 
in a test position. Nozzle quality is determined based on 5 
the detection and characterization of ink drops from the 
selected nozzle. The impact detector 31 may be imple- 
mented using a number of technologies known to those 
skilled in the art. including piezoelectric and electro- 
static technologies. Use of a piezoelectric membrane w 
impact detector suitable for use with the present inven- 
tion is described in greater detail in US, Patent 
5,124,720, filed Aug. 1, 1990 and issued Jun. 23. 1992 
to Schantz, titled "Fault-Tolerant Dot-Matrix Printing", 
which is assigned to the assignee of the present inven- 13 
tion and hereby incorporated by reference in its entirety. 
Examples of electrostatic impact detectors usable with 
the present invention are described in U.S. Patent 
4,323,905 issued Apr. 6, 1 982 to Re'rtberger at al.. titled 
•ink Droplet Sensing Means'. 20 
[001 8\ Yet another preferred embodiment for testing 
the printhead nozzles 24 uses an ink drop test pattern 
33 printed on the print medium 18 from the nozzles 24. 
This embodiment includes a print sensor 32 mounted 
on the carriage 20 for relative motion with respect to the 2s 
print medium 18. After the test pattern 33 is printed, the 
carriage 20 moves the sensor 32 over the print medium 
1 8 in one or more sensing passes in order to scan and 
analyze the test pattern 33 so as to determine the print 
quality of the nozzles 24. One type of print sensor 32 30 
that is usable with the present Invention is an optically 
reflective sensor, such as is described in greater detail 
In the above-referenced co-pending U.S. application 
Ser. No. 08/811,412, by Armijo et al.. filed March 4, 
1 997, titled 'Detection of Printhead Nozzle Functionality 35 
by Optical Scanning of aTest Pattern". Further details of 
how the various types of sensors described above are 
used to test me printhead will be discussed subse- 
quently. 

[0019] Considering now a method of printing with 40 
an Inkjet printer 1 0 according to the present invention, 
and with reference to FIG. 5, the method includes both 
(a) a configuration portion 64 that configures a print- 
mask 62 for each printhead 21 of the printer 1 0 in order 
to maximize the quality of the printed output, by mini- 4S 
mizing print quality defects that occur due to nozzle 
aberrations but without significantly reducing the 
throughput of the printer 10, and <b) a printing portion 
65 which uses the configured printmask to print an 
image on the printer 1 0. so 
[0020] The configuration portion 64 begins with a 
step S51 which tests the printhead 21 to determine the 
print quality of the nozzles 24. This testing uses the 
above-mentioned sensors' to determined the nozzle 
quality; the testing method wifl be described subse- 55 
quently in greater detail. 

[0021] In step SS2, the test results generated in 
step S51 are stored in a nozzle quality memory 35. The 



memory 35 is readable and writeable by a processor 59 
operatively connected to the print controller 5B. The test 
results represent indicia of nozzle quality. The preferred 
indicia include identifying individual nozzles 24 as capa- 
ble of generating output of either higher or lower print 
quality, or assigning no2Z!es a value of one of N levels of 
print quality. Alternatively, sections of the printhead 21 
containing groups of nozzles may be identified as capa- 
ble of generating output of either higher or lower print 
quality. In a preferred embodiment, a separate memory 
35 is used for storing the indicia of nozzle quality for 
each printhead 21, and this memory. 35 is preferentially 
incorporated in aach printhead 21. A memory incorpo- 
rated in the printhead that is usable with the present 
invention is described in greater detail In U.S. Patent 
5,812.156, filed Jan. 21, 19d7and issued Sep. 22, 1995 
to Bullock et al., titled "Apparatus Controlled by Data 
from Consumable Parts with Incorporated Memory 
Devices - , which is assigned to the assignee of the 
present invention and hereby incorporated by reference 
in hs entirety, Alternatively, the memory 35 may be 
located in the printer 10, or in a computer (not shown) 
which is connectable to the printer 1 0. 
[0022] In step S53, a printmask 62 to govern ink 
deposition is provided. The printmask 62 allocates the 
amount of ink which can be deposited from each nozzle 
24 during each of the multiple printing passes of the 
printhead 21 relative to the print medium 18, The print- 
mask 52 is defined, as described in step S54. so as to 
enable the depositing, in at least some .rows of pixel 
locations on the print medium 1B. of relatively less Ink 
from lower print quality nozzles, and relatively more ink 
from higher print quality nozzles. The processor 59 per- 
forms the computation and control operations required 
to define the printmask. Details of a method according 
to the present invention to perform this allocation will be 
described subsequently in further detail. 
[0023] In step S55, once the printmask 62 is con- 
structed, it Is stored In a printmask memory 64 which is 
operatively connected to the processor 59 and the print 
controller 58. In a preferred embodiment, the printmask 
memory 64 is mounted within the frame of the printer 
10. Alternatively, the printmask memory 64 may be 
stored external to the printer 10, for example in a com- 
puter (not shown) which is attachable to the printer 10. 
[0024) The printing portion 65 begins with a step 
SS6 in which all or part of the image to be printed on the 
printer 10 is obtained. It is to be understood that the 
term "image" refers not only to pictures or photographs, 
but to any information to be output to the print medium 
18, including graphics or text. 

[0025] In step S57, the printhead 21 and the print 
medium 13 move in relative motion in the scan direction 
4 during each printing pass. For each section of the 
image which corresponds to the position of the print- 
head 21 over the print medium 18. nozzles 24 deposit 
ink, as governed by the printmask 62 for the printhead 
21, onto corresponding rows of pixel locations on the 
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print medium 18 during the scanning operation, as indi- 
cated in step S58. 

[0026] In step S59, if the image nas been com- 
pletely printed, the printing operation ends. If some of 
the image remains to be printed, then step S60 is per- 5 
formed, in which the the printhead 21 and the print 
medium 18 move In relative motion In the medium 
advance direction 8 between passes so as to position a 
different swath of the medium 18 under the printhead 
2v Following step S60, the metnod then continues at 10 
step S57. 

[00271, The tegting.(S5;j and storjng. (S52> steps 
the abovementloned method as illustrated in FIG. 5 can 
be performed at different times, including outside the 
printer (for example, using a test system designed tor is 
testing printheads) during the manufacturing process 
for the printhead 21 , during a process of refilling a pre- 
viously manufactured printhead 21 with ink. after instal- 
lation of the printhead 21 in the printer 10 of an inkjet 
printing system, and periodically in the printer during 
operation of the inkjet printing system. In a similar fash- 
ion, the steps of providing a printmask (S53) and defin- 
ing the printmssk (S54) can be performed following the 
completion of steps S51 and S52. or can be deferred to 
a later time prior to printing. 25 
[0028] Considering now in further detail the method 
of testing the printhead of step S51 , and as best under- 
stood with reference to FIG. 6, the steps of this method 
depend on the type of detection operation to be per- 
formed. A preferred method which determines nozzle 30 
quality by assessing ink drops as they are deposited 
begins with a step S61 which deposits one or more 
drops from a nozzle which is operationally positioned 
adjacent the sensor. For an impact sensor 31. the noz- 
zle is positioned such that ink drops from the nozzle will & 
strike the sensor 31 to create its output on impact, as in 
step S62. For an in-flight pass-through sensor 30, the 
nozzle Is positioned such that the ink drops from the 
nozzle will pass through an opening in the sensor 30 to 
break a light path and create its output, as in step S83. «p 
A number of alternatives for positioning the sensor are 
contemplated by the present invention. A single sensor 
can be repositioned to detect and analyze' a number of 
different nozzles, a single sensor can be provided with a 
detecting area of sufficient size to assess multiple noz- 4& 
zles without movement, or a single sensor may have 
multiple detecting elements for measuring multiple noz- 
zles. In step S64, the output of the sensor is used to 
determine the print quaiity of the corresponding nozzle. 
If all nozzles have been tested, then the "yes' branch of so 
step S65 is taken and testing of the printhead is con- 
eluded. If ail nozzles have not been tested, then the "no* 
branch of step S65 is taken: the printhead 21 or sensor 
is repositioned if necessary In step S66, and the method 
then continues at step S61 . 55 
[0029] An alternate method of testing the printhead 
determines nozzle quality by assessing the output on 
the medium 1 8 of a printed test pattern 33. This method 



begins with a step S67 in which a nozzle test pattern is 
printed on the medium 18. in a preferred embodiment, a 
single test pattern is printed to test all nozzles: one such 
test pattern usable with the present invention is 
described in further detail in the above-referenced co- 
pending U.S. application Ser. No. 067811 .4-1 2, by Armijo 
et aL filed March 4, 1997, titled "Detection of Printhead 
Nozzle Functionality by Optical Scanning of a Test Pat- 
tern". If a print sensor is used to automate the assess- 
ment of nozzle quality, then the printed test pattern Is 
scanned in step S6B in order to determine the print 
quality of the nozzles. Alternatively, if the determination 
of nozzle quality is to be visually made by the operator 
of the printer 10. then in step S69 the operator visually 
analyzes the test pattern to determine the print quality 
of the nozzles, and in step S70 enters the nozzle quality 
information into the inkjet printing system using, for 
example, the keyboard of a computer (not shown) which 
is connected to the printer 10, or a keypad mounted on 
the printer 10. 

[0O30] Considering now in further detail step S54 of 
FIG. 5, FIG. 7 illustrates by way of example a method 
according to the present invention for defining the print- 
mask 62 to enable the printing of less ink from lower 
quality nozzles and more ink from higher quality nozzles 
so as to improve print quality without reducing through- 
put. By way of introduction, different types of printers 
may provide different capabilities for printing a pixel 
location with a given intensity of a color ink- Some print- 
ers, particularly those which have relatively large drop 
volumes, or a relatively low repetition rate at which mul- 
tiple drops can be deposited from a given nozzle, print a 
given pixel location with only a single drop in a given 
printing pass, and that single drop will provide the full 
amount of ink required to completely print that pixel 
location. Such a printer Is described in the aDCverefer- 
enced co-pending U.S. application by Askeland titled 
■Banding Reduction In Multipass Printing" (Attorney 
Docket No. 10980B72-1 ), 

[0031} Alternatively, other printers, particularly 
those which have relatively small drop volumes such 
that several drops are required to provide the full 
amount of Ink required to completely print ar pixel loca- 
tion, and a relatively high repetition rate at which multi- 
ple drops can bo deposited from a given nozzle, can 
print in different modes during the printing of a single 
imag©. In a first printing mode, known as 'hi-tipe* mode, 
a nozzle deposits a small number of drops (typically one 
drop) into pixel locations on different rows during each 
of several passes. On a given pixel location on a given 
row, the nozzle provides only a fraction of the total 
amount of ink required to completely print the pixel loca- 
tion, and so additional drops must be deposited from 
other nozzles into the pixel location during other 
passes. In a second printing mode, known as "multid- 
rop - mode, a nozzle prints a given location by deposit- 
ing several drops (typically at least two drops) rapidly 
into a given pixel location in a small number of passes 
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(typically on© pass). Typically, the several drops com- 
pletely print the pixel location during a single pass. 
Advantageously, some nozzles can operate in a hi-fipe 
mode while other nozzles operate in a multidrop mode. 
Such a printer is described in the abovereferenced co- 5 
pending U.S. application by Bland et al. titled "Hybrid 
Printmask for Multidrop Inkjet Primer (Attorney Docket 
No. 10980871-1). 

[0032] Returning to the discussion of step S54 ol 
FIG. 5 with reference to PIG. 7, different steps are per- 10 
termed depending on whether or not the printer Is oper- 
ated, in a single; drop., per pass printingL mode. or. in a 
hybrid hi-fipe/multipass printing mode. If a single drop 
per pass printing mode is used, the printmask specifies 
the total number of possible times each of the nozzles is 
can be activated during the multiple printing passes. 
The first step S71 in defining the printmask is to enable 
lower print quality nozzles identified by the testing to 
print relatively fewer possible total times during the mul- 
tiple passes. Next, in step S72, higher print quality noz- 20 
zles identified by the testing are enabled to print 
relatively more possible total times during the multiple 
passes, to compensate for the reduced amount of print- 
ing performed using the lower print quality nozzles. The 
relatively more possible total times and the relatively ss 
fewer possible total times are relative to a substantially 
equal number of possible times for all nozzles. 
[0033] Following this step, the method ends. The 
resulting printmask 62, which has a mask pattern allow- 
ing some of the nozzles to deposit drops in fewer possi- so 
ble pixel locations on a row and allowing others of the 
nozzles to deposit drops in more possible pixel locations 
on the row, provides for an unequal printing load 
between higher and lower quality nozzles, with higher 
quality nozzles being enabled more total times on a row 35 
than lower quality nozzles. However, the proper number 
of total drops are enabled tor printing on the row 
because a compensating higher quality nozzle will print 
during one pass on rows printed by lower print quality 
nozzles during a different pass. The structure and 40 
method of operation of a printmask 62 resulting from the 
execution of this method is described in the aboverefer- 
enoed co-pending U.S. application by Askeland thled 
■8andlng Reduction In Multipass Printing" (Attorney 
Docket No, 10980372-1). 

[0034] If a hybrid hi-flpe/multipass printing mode is 
used, the printmask 62 specifies the number of drops of 
the Ink that each of the nozzles can deposit into the 
pixel locations during each of the multiple passes, 
where at least two drops of the ink are required to fully so 
print a pixel location 62 with a given intensity level of 
color. The first step S73 in defining the printmask is to 
enable lower print quality nozzles identified by the test- 
ing to deposit a small number of drops into individual 
pixel locations on at least two different rows during at 55 
least two corresponding passes. Next, in step S74, 
higher print quality nozzles identified by the testing are 
enabled to deposit many drops rapidly into a specific 



pixel location on a single row during at least one pass. 
Optionally, nozzles defined to be of intermediate print 
quality can be enabled to deposit both a small number 
or drops into individual pixel locations on at least two 
rows during at least two corresponding passes, and 
many drops rapidly into a specific pixel location on a sin- 
gle row during at least one other pass. Following thte 
step, the method ends. The resulting printmask 62, 
which has a hi-fipe mask subpettem for a some nozzles 
and a multidrop mask subpattem for other nozzles, pro- 
vides for an equal printing load from higher and lower 
print quality nozzles; after completion of ail passes, the 
higher and lower print quality nozzles will have been 
enabled to deposit substantially the same number of 
drops. However, because the lower print quality nozzles 
operate in a hi-fipe mode which limits their ink contribu- 
tion to any specific pixel to a fraction of the total ink 
required to fully print that pixel, with other higher print 
quality nozzles contributing the remainder of the ink to 
that specific pixel by printing on It in different passes, the 
effect of erroneous printing from the lower print quality 
nozzles is more evenly distributed throughout the 
printed output, and consequently less visually percepti- 
ble. Hie structure and method of operation of a print- 
mask 62 resulting from the execution of this method Is 
described in the abovereferenced co-pending U.S. 
application by Bland et al. titled "Hybrid Printmask for 
Multidrop Inkjet Printer" (Attorney Docket No. 
10980871-1). 

[0035] From the foregoing it will be appreciated that 
the printer and method provided by the present inven- 
tion represents a significant advance in the art A printer 
can be constructed according to the present invention 
so as to reduce visually objectionable banding that 
occurs due to nozzle aberrations occurring on individual 
printheads without significantly reducing printing 
throughput Although several specific embodiments of 
the Invention have been described and illustrated, the 
invention is not to be limited to the specific methods, 
fbrms, or arrangements of parts so described and illus- 
trated. In particular, the invention may be used with bidi- 
rectional printing where printing passes occur in both 
directions of movement along the scan axis 4, or unidi- 
rectional printing where printing passes occur only in 
one direction along the scan axis 4; with even-advance 
printmodes where the medium 1 8 is advanced the same 
distance between passes, or with uneven -advance 
printmodes in which the medium 18 is advanced differ- 
ent distances between passes; with multipass printers 
requiring two or more passes to fully print rows on the 
print medium; with printmasks having any number of 
cells in width: with all types of swath printers including 
band printers and drum printers; with all types of inlqet 
printers including thermal and plezo printing technolo- 
gies; and with printing systems m which all the compo- 
* nents of the printer may not be located in the same 
physical enclosure. According to the present invention, 
asingle sensor can be positioned to detect and analyze 
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a number of individual nozzles; a single sensor can be 
designed to have a detecting area of sufficient ske to 
detect multiple nozzles without movement; or a sensor 
may have multiple detecting elements for detecting the 
output of multiple nozzles. Also, the invention is usable 5 
with printheads having lower and higher print quality 
nozzles regardless of where on the printhead those 
nozzles are located. The invention is limited only by the 
claims. 

10 

Claims 



1. A method of printing with an inkjet printing system 
(10) using multiple passes over a print medium (18) 
having rows of pixel locations, comprising: *s 

providing a printhead (21) having a supply of 
ink and a plurality of nozzles (24) tor depositing 
the ink onto the print medium (1 8) r each of the 
nozzles (24) depositing the ink onto a corre- 20 
sponding one of the rows during a single pass, 
with certain ones of the nozzles (24) having a 
measurable print quality; 
testing (S51) the printhead (21) to generate 
test results which identify lower print quality 2s 
nozzles (24) and higher print quality nozzles 
(24): and 

allocating (S53) the depositing of the ink 
between the lower print quality nozzles (24) 
and the higher quality nozzles (24) based on 30 
the test results of the testing such that less than 
a given standard amount of ink from the lower 
print quality nozzles and more than a given 
standard amount of Ink from the higher print 
quality nozzles is deposited (S54) in at least 3S 
some rows, in order to improve the quality of 
printed output without reducing throughput. 

2. The method of claim 1. wherein the testing (S51) 
the printhead (21) includes conducting testing to 40 
identify nozzles (24) which exhibit a substantial 
amount of at least one of the print quality defects of 
the groupr consisting or dor placemenf error (4;8). 
dot size error (44), and dot shape error. 

45 

3. Jho method of claim 1 , wherein the given standard 
amount of Ink used for the allocating (S53) is a sub- 
stantially equal amount of ink from those individual 
ones of the plurality of nozzles (24) which deposit 
the Ink onto the corresponding one of the rows dur- so 
ing any of the multiple passes. 

4. The method of claim 1 , further including: 

storing (S52) indicia for the lower print quality ss 
nozzles (24) and the higher print quality noz- 
zles (24) in a memory (64). 



5. The method of claim i, wherein testing (S51) the 
printhead (21 ) further includes: 

printing (S67) a nozzle test pattern on the print 
medium (18); and 

optically scanning (S68) the nozzle test pattern 
to identify the lower print quality nozzles (24) 
and higher print quality nozzles (24). 

6. The method of claim 1, wherein testing (S51) the 
niinthGad (2t)/urtber includes: 

printing (S67) a nozzle test pattern on the prim 
medium (1B); and 

visually analyzing ($69) the nozzle test pattern 
to identify the lower print quality nozzles (24) 
and higher print quality nozzles (24). 

7. The method of claim 1, wherein testing (S51) the 
printhead (21) further includes: 

providing an ink drop detector (30.31) position- 
able proximate individual ones of the nozzles 
(24); 

depositing (S61) at least one drop of the ink 
from a selected individual one of the nozzles 
(24) positioned proximate the ink drop detector: 
detecting (S62.S63) the at least one drop ot the 
ink from the selected individual one of the noz- 
zles (24) using the ink drop detector (30,31). 
the detector (30,31 Jprovidlng an output; and 
determining (S64) the print quality of the 
selected individual one of the nozzles (24) from 
the output of the ink drop detector (30,31 ). 

8. The method- of claim 7, wherein the detecting 
includes detecting (S63) the at least one drop In 
flight as the drop passes proximate the ink drop 
detector (30). 

9. The method of daim 7, wherein the detecting 
includes detecting (S62V the at least one drop on 
impact when the ink drop strikes the Ink drop detec- 
tor (31), 

10* The method of claim 1, wherein the testing (S51) 
includes performing the test at a time selected from 
the group consisting of: during the printhead (21) 
manufacturing process, during the printhead (21) 
refilling process, after installation of the printhead 
(21) in the inkjet printing system (10), and periodi- 
cally during operation of the inkjet printing system 
(10). 
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lower print quality. A printmask (62) is then defined 
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that printhead (21 ). The printmask (62) has a mask pat- 
tern which enables the deposition of more ink from high- 
er quality nozzles (24) and less ink from lower quality 
nozzles (24). Such a printer (10) improves print quaiity 
without reducing throughput. 
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